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INTRODUCTION
The so-called bilingual advantage hypothesis suggests that bilingualism may lead to an improvement in domain-general executive control abilities as compared to monolinguals.
Updating, switching and inhibition are components of this not unitary construct known as executive functions (EF) (Miyake & Friedman, 2012) , and bilingualism has been often linked with a specific enhancement of these components, suggesting that bilinguals outperform monolinguals in monitoring (as the ability to update the information in the working memory), in shifting (as the ability to switch between tasks), and/or in inhibition (as the ability to suppress dominant responses). Due to the fact that using two languages on a daily basis requires updating the information of the relevant language depending on the context, shifting from one language to another and suppressing the non-relevant language, it has been hypothesized that bilingualism could have an impact on domain-general executive functions.
In the last decade a surge of studies have confirmed the effects of bilingualism on domain-general cognitive functions using several non-linguistic executive control tasks in As seen, nowadays the existence of a real bilingual advantage at the non-linguistic level of cognitive control is under debate, and the evidence in its support has been shown to be inconsistent (see Paap et al., 2015 , among many others). This issue has drawn the attention of many researchers, and there is current convergence in highlighting the need for more longitudinal studies, including training studies, as well as more theory-driven approaches to investigate the potential effects of bilingualism on different forms or components of executive functioning at behavioral and neural levels (de Bruin & Della Sala, 2015; García-Pentón et al., 2016a, 2016b; Li & Grant, 2015; Paap, 2015) . In the current study we will address this issue by exploring the manner in which the acquisition of a language in the elderly shapes monolingual seniors' switching abilities by comparing their performance before and after the linguistic training with that of a group of matched monolingual seniors that have not received any formal linguistic training in a new language. To do so, we focused on a classic task-switching paradigm (i.e., the colour-shape switching task).
One of the most frequently used paradigms to explore the potential advantages bilingualism may yield is the task-switching paradigm, and more specifically the colourshape switching task (for an example of the color-shape switching paradigm see Rubin and Meiran, 2005; see also Prior & MacWhinney, 2010) 1 . In this task colourful geometric figures are presented to participants who are asked to respond either according to the colour or to the shape criterion of the figure. This task evaluates, primarily, the shifting ability between different mental sets (Miyake et al., 2000) , providing a quantitative measure of the switching cost. While the switching cost is a relatively neat measure of shifting abilities, it should be also acknowledged that this index also reflects the ability to inhibit the previous trial rule, as inhibition and switching may be indivisible in this type of paradigms (see Paap & Sawi, 2014 ). Switching cost gauges the level of interference that is created in participants'
performance by the change from a non-switch trial (where the response criterion remains equal to the previous trial) to a switch trial (where the response criterion is different from the previous trial) in mixed-task blocks in which the response criteria are intermixed. The switching cost can be calculated by subtracting the mean reaction times (RTs) in the nonswitch trials from the mean RTs in the switch trials, as well as by calculating the difference on the error rates between switch trials and non-switch trials. In his review, Monsell (2003) postulated that the source of the switch cost could be in the so-called "task-set reconfiguration", a process where an adjustment of the criteria is done while the rules of the previous task are inhibited and the demands of the new one activated.
The relationship between bilingualism and switching skills stems from the constant need of bilinguals for switching from one language to another while suppressing the nonrelevant language as a function of the linguistic demands imposed by each context (e.g., Abutalebi & Green, 2007; Bialystok & Craik, 2010) . In contrast to other measures of 1
In the current study we solely focused on the colour-shape switching paradigm, and for simplicity's sake we avoided lengthy discussion of other paradigms that have also been used to explore the broad concept of "cognitive flexibility", such as the Wisconsin Card Sorting Test -WCST- (Grant & Berg, 1948 ; see Yudes, Macizo, & Bajo, 2011, for an implementation with different groups of bilinguals and monolinguals). Even if the WCST has been taken as a proxy to some aspects of executive functioning (see Miyake et al., 2000) , there are also clear-cut limitations imposed by this paradigm in terms of experimental outcomes (e.g., lack of RTs, impossibility to compute switching costs).
different forms of executive functioning such as those related to inhibitory control, which has been more extensively studied in bilinguals (see Duñabeitia et al., 2014 , for review), measures of switching skills have been commonly taken as a proxy for a broader spectrum of processes, given that switching costs are a reflection of the ability to switch between mental sets but also of the ability to inhibit the active rule from the previous trial (see Paap & Sawi, 2014 The present study aimed at exploring the effects of second language learning in the old age in the ability to shift between mental sets. To do so, we tested longitudinally the development of non-linguistic switching skills in a group of Spanish monolinguals over 60 years of age who attended Basque language classes for a whole academic year. In parallel, a group of Spanish-speaking monolingual active seniors who did not attend to any languagelearning course was also tested twice for control purposes. A colour-shape switching task was used as a measure of switching ability. We used a cued task-switching paradigm to isolate task switching ability from other cognitive abilities that may be involved in non-cued tasks, such as reasoning or inference-making. The pre-test and post-test data collection design allowed us to monitor for cognitive control changes as a function of language learning, exploring whether a linguistic training based on the acquisition of a second language in the elderly improves switching ability by reducing switching costs. Given the contradictory outcomes of preceding studies on the bilingual advantage in executive control, it is not clear whether the L2 learning in the elderly could either have a positive effect on task switching performance by enhancing the shifting ability of seniors, as suggested by results in line with the bilingual advantage, or as recent studies suggest, there would not be transfer effects from language training to non-verbal task-switching. Hence, the current longitudinal study with an experimental group of senior participants attending a language-learning course will be of help to ascertain whether monolingual elders' switching abilities could be improved by teaching them a new language.
METHODS

Participants
Two groups of right-handed healthy seniors were recruited for the current study. They all had normal or corrected-to-normal vision and gave informed consent prior to any research or educational action. While the neuropsychological assessment suggested that none of the participants had signs of pathological cognitive deficits, we acknowledge that the use of additional scales of cognitive deterioration would have been desired. Nonetheless, it is important to mention that the number of participants scoring below 27 in the MMSE is markedly low in both groups, suggesting a good cognitive status of the participants. In the control group only 2 participants obtained a score of 24, and just 1 got 26. In the experimental group, only 1 got 24 and 1 got 26. This solely represents a subsample of less than 12% of the general sample.
Materials and Procedure
Stimuli consisted of a series of squares (3cm each side) and circles (3cm radius) that were displayed in either red or blue color in the center of the screen. The cues indicating the sorting criteria were the words "COLOR" and "FORMA" (the Spanish for color and shape), Every trial started with a fixation cross presented in the centre of the screen for 350 ms, immediately followed by the simultaneous presentation of the target stimulus and the cue until a response was given, or for a maximum of 5000 ms. Participants in the experimental and control groups were asked to complete twice a switching task on a Macintosh computer with a 17-inch color monitor using Experiment Builder® (S-R Research, Ontario, Canada) for stimuli presentation and data collection. The first data collection was carried out at the end of September with the experimental group, before they had started the Basque lessons, and the second data collection was carried out in June, coinciding with the end of the academic course. The participants in the control group were also tested twice, with an 8-months gap between the first and the second data collections. All participants were individually tested in the dependencies of the research center and of the educational agents by trained experimenters. They were seated approximately at a distance of 60 cm from the monitor that was located at the eye level, holding a response box connected to the computer.
They were asked to make color or shape judgments by pressing one of two buttons in the response box as fast and as accurately as possible (i.e., the left button to respond blue-square and the right button to indicate red-circle). Participants were asked to have their thumbs placed in the target keys at all times. The test started with a series of practice trials that could be repeated as many times as requested by the participants to ensure a correct understanding of the task.
RESULTS
Prior to analyzing the results of the different phases and the different groups, we would want to stress that the participants who underwent the Basque learning training had effectively acquired basic knowledge. At the end of the first year of instruction, the trainees were asked to provide a numerical indicator of their self-perceived knowledge of the language and development in the training in a 0-to-10 scale (10 being the maximum score corresponding to a perfect knowledge). The mean of this self-assessment was 5.54 (standard deviation = 1.45). In parallel, the trainers (the specialized teachers) were asked to provide the official grade in a similar 0-to-10 marking system to each of the participants, and the mean of In order to assess switching ability, switching costs between switching and nonswitching trials were calculated measuring participants' accuracy (i.e., their error rates) and their reaction times (RTs) in milliseconds computed from the presentation of the target stimulus to the button press. Response latencies associated with correct responses were trimmed and cleaned from outliers, rejecting those RTs that fell beyond the limits established by the mean ± 2.5 standard deviations for each participant in each experimental condition (2.63% of the data of the experimental group and 2.50% of the data of the control group). The remaining latency data were analyzed using ANOVAs following a 2*2*2 design with the within-participant factors Phase (pre-test, post-test) and Type of Trial (switch, non-switch), and the between-participants factor Group (experimental, control). A 2*2 ANOVA with the factors Group and Phase was also carried out on the data corresponding to the filler trials in order to test the consistency of the results obtained in the preceding repeated measures ANOVAs, as filler trials were identical in essence to the non-switch trials. The analysis of the error rates (i.e., the percentages of errors) was carried out following the same exact designs than those used for the RT analysis. Mean RTs and error rates per Type of Trial, Phase and Group are presented in Table 1 . Table 1 . Mean reaction times (in milliseconds) and mean error rates (in percentages of errors) per condition, group and phase. Standard deviations are provided in parentheses. The Switch Costs result from subtracting the Switch and the Non-Switch trials.
EXPERIMENTAL TRIALS SWITCH TRIALS NON-SWITCH TRIALS SWITCH COST FILLER TRIALS Experimental Group
Pre-Test
Reaction 
Reaction Times (RTs)
ANOVAs on the RTs associated with the switch and non-switch trials showed a main effect 
Error Rates
The ANOVA on the percentages of errors in the switch and non-switch trials did not show any significant main effect or interaction [all Fs<2.63 and ps>.10].
Similarly, the ANOVA on the error rates in the filler trials failed at showing any significant effect or interaction [Fs<1.58 and ps>.21].
DISCUSSION
The present study aimed at testing the effects of L2 training on switching ability in the old age. To do so, a group of Spanish elderly monolinguals were tested on a switching task prior to the start of a Basque language-learning program and subsequently, once the program finished at the end of the academic year, 8 months later. In parallel, a similar group of Spanish elderly monolinguals that did not complete any language-learning course was also tested for control purposes. Overall results showed that participants' switching ability as measured by the switching cost in a colour-shape switching task did not benefit from learning a new language, as switch costs remained relatively immutable in the two groups and in the two test moments.
The finding of a negligible reduction in switching costs as a consequence of the acquisition of a new language goes against a corpus of evidence headed by the studies by Nevertheless, some clear-cut limitations of the current study should also be acknowledged. Ideally, studies on cognitive training programs include active control groups as well as passive control groups to be able to test the efficacy of the training and also to dissociate the effects of different cognitively demanding types of training (see Coubard et al., 2011) , and in the current study we did not have the chance to include an active control group.
However, we sincerely believe that this is an issue that does not diminish the impact of the current findings given that we did not find positive effects of the training on the switching abilities of the participants immersed in the L2 acquisition program. Hence, the inclusion of additional control groups would not necessarily yield a methodological improvement in a scenario in which participants' non-linguistic behavior and performance did not change as a consequence of the intervention. One possible limitation concerns the assignment of the participants to the groups, as it was not done randomly, given that participants in the experimental group had to voluntarily sign for the Basque course and were selected after a careful examination of their language background. However, and due to obvious reasons, this is a common practice in this type of studies (see also Yang, Gates, Molenaar, & Li, 2015).
Nonetheless, and despite the existence of possible uncontrolled cognitive differences between the groups already at pre-test that could have modulated the results, we believe that the inclusion of a control group represents a clear-cut improvement with regard to preceding longitudinal training studies exploring the impact of L2 acquisition (see Grant, Fang, & Li, 2015) . Also, we circumscribed the current study to non-verbal switching abilities as a proxy to the construct of executive control. As already discussed by several authors, executive control and bilinguals' language control do exhibit qualitative differences in the set of mechanisms and cognitive structures they recruit (e.g., Calabria, Hernández, Branzi, & Costa, 2012). Hence, establishing a direct link between a specific training in language control or in language acquisition and a consequent improvement of non-linguistic control may not be an easy endeavor, especially when participants' knowledge of the newly acquired L2 is at its basic level. However it should be noted that despite the fact that participants' Basque language knowledge was narrow after the introductory training, they were able to use it beyond the classroom, and so they did. This is possible due to Basque Country's proficiency was taken into account, no correlation between the mastery of a second language and non-linguistic cognitive functions was found in the elderly.
It is unclear whether longer L2 training periods could give rise to behavioral differences in executive functions and whether bilingualism truly modulates domain-general cognitive functions in the elderly. Hence, additional research with ageing population is needed in order to shed light on these questions. In this sense, we would want to emphasize that the current study is the first known investigation testing the effects of L2 learning on non-linguistic switching abilities in the elderly, opening new doors to a better understanding of the link between learning a second language late in life and the ability to shift between mental sets. While the research line exploring the cognitive impact of language learning in the elderly is still in its infancy, we are confident that future longitudinal studies will provide compelling evidence on the cognitive impact of L2 acquisition in old age.
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